Two Gram-stain-positive, rod-shaped and endospore-forming bacteria that represent a single species, designated strains KJ1-10-99
the Little Rann of Kutch, though metagenome analysis has revealed the presence of novel lineages [31] .
During the study of the microbial diversity of Little Rann of Kutch, two aerobic, Gram-stain-positive, rod shaped bacteria, designated as strains KJ1- T and KJ1-10-93 were isolated and characterized using a polyphasic taxonomic approach based on the minimal standards proposed for the aerobic endospore-formers [1] for description of new taxa. Soil samples were collected from Jogad area (23˚08¢ 33.412 † N, 71˚12¢ 35.503 † E) of the Little Rann of Kutch in Gujarat, India. The samples were collected in sterile containers by scraping the soil 10 cm below the surface. Isolation was carried out by enrichment technique and to initiate enrichment cultures, 2 g soil was added to a flask containing 100 ml complex medium (CM) consisting of (g.l ): glucose (10), peptone (5), yeast extract (5), KH 2 PO 4 (5); NaCl (100) and incubated at 37 C in a shaker at 180 r.p.m. The medium pH was adjusted to 9.0 using separately autoclaved Na 2 CO 3 (20 %, w/v). After 72 h of the incubation, enriched cultures were serially diluted up to 10 À7 and 0.1 ml of diluted culture was spread over the CM agar (agar, 3 % w/v) plate and incubated at 37 C. After 48 h incubation, bacterial colonies were selected for the isolation of pure cultures based on the morphological features and pigmentation. Each isolated colony was subjected to successive streaking until all the colonies on two successive plates were of the same morphology. Two of the pure cultures KJ1- T and KJ1-10-93 were further selected for polyphasic characterization. The pure cultures were maintained in CM broth supplemented with 15 % glycerol at À20 C.
For identification of these isolates, 16S rRNA gene amplification was carried out using forward and reverse primer pairs -27F (5¢AGAGTTTGATCMTGGCTCAG -3¢) and 1492R (5¢TACGGYTACCTTGTTACGACTT-3¢) [32] , respectively, followed by the sequencing of each amplified product after purification. Sequencing of the 16S rRNA gene was performed with an Applied Biosystems automatic sequencer (ABI3730XL) at Macrogen (Korea). Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were achieved using the EzTaxon-e server [33] . The CLUSTAL W algorithm of MEGA 5.2 was used for sequence alignments and MEGA 5.2 [34] software was used for phylogenetic analysis of the individual sequences. Distances were calculated by using the Kimura correction in a pairwise deletion manner [35] . Neighbour-joining (NJ), maximumlikelihood (ML) and minimum-evolution (ME) methods in the MEGA 5.2 software were used to construct phylogenetic trees. Percentage support values were obtained using a bootstrap procedure based on 1000 replications.
EzTaxon-e server search analysis revealed that strains KJ1-10-99 T and KJ1-10-93 were most closely related to the members of the genus Bacillus, and at the time of writing, the highest 16S rRNA gene sequence similarity was observed with Fermentibacillus polygoni IEB3 T (96. T and its nearest phylogenetic neighbours were not performed because strains with 16S rRNA gene sequences that differ by more than 3 % are unlikely to exhibit more than 70 % relatedness at the whole-genome level [36] [37] [38] , which is considered the gold standard for species delineation. The phylogenetic analysis of the 16S rRNA gene sequences suggested that the two novel isolates clustered in a separate clade (Fig. 1) , which was also shown in the minimum-evolution and maximumparsimony trees, indicating that these two isolates might represent a novel species in a new genus.
Morphological properties (cell shape, size and motility) of the strains KJ1-10-99
T and KJ1-10-93 grown in CM broth were observed directly or after Gram-staining using an Olympus BH-2 phase-contrast microscope. Malachite green was used for spore staining as described by Schaeffer and Fulton [39] . On CM agar, colonies of KJ1-10-99
T and KJ1-10-93 were smooth, circular to slightly irregular, slightly raised, creamish and 1.0-3.0 mm in diameter after 48 h of cultivation at 37 C. Cells were straight rods with rounded ends (3-6 µm long and 0.5-1 µm wide; Fig. S1 , available in the online Supplementary Material), Gram-stain-positive, divided by binary fission and formed oval-shaped subterminal/central endospores. Both strains were non-motile, while the closest phylogenetic neighbours, Fermentibacillus polygoni IEB3 T , B. alkalinitrilicus ANL-iso4 T and B. nanhaiisediminis NH3 T were motile ( Table 2) .
pH tolerance was examined at 37 C in CM broth (10 % NaCl (w/v) and the pH was adjusted to pH 6.0-12.0 with an interval of 0.5 pH units by using Na 2 CO 3 (20 %, w/v) for pH 6-8, 1 M glycine/NaOH buffer for pH 9.0-10.0 and 1M NaOH or 1M HCl for pH 11.0-12.0. Media with pH 11 and 12 were sterilized by passing through a 0.22 µm pore filter membrane owing to the decrease in pH after autoclaving. Growth was assessed turbidometrically at 600 nm in CM broth. Growth of both strains was observed within the range of pH 7.0-10.5 with optimum at 9.0. The range of the NaCl concentration for growth was determined at 0-25 % (w/v) [at 0.5 % (w/v) intervals]. Similarly, the effect of temperature for growth was assessed at 4, 10, 20, 28, 37, 45, 50 and 55 C in a medium at pH 9 and temperature 37 C. Strains KJ1-10-99
T and KJ1-10-93 grew in the range of 3-20 % NaCl (w/v) with optimum at 7.5 and 15 % (w/v), respectively. Thus, they had obligate requirement for NaCl for growth. In contrast, Fermentibacillus polygoni IEB3 T , B. alkalinitrilicus ANLiso4 T and B. nanhaiisediminis NH3 T could grow in range of 0-5 % (w/v) NaCl (optimum 0 %), 0.58-8.7 % (w/v) NaCl (optimum 1.1-2.3 %) and 0-11 % (w/v) NaCl (optimum 3 %), respectively ( Table 2 ). The temperature range for the growth of KJ1-10-99
T and KJ1-10-93 was 28-55 C (optimum 37 C), a feature which differentiates them from their closest phylogenetic neighbours as shown in Table 2 . Various biochemical tests such as hydrolysis of starch, gelatin, CMC (carboxy methyl cellulose); oxidase, catalase and urease activity; nitrate and nitrite reduction; H 2 S production; indole production; acid production from carbohydrates were carried out at as outlined by Cappuccino and Sherman [40] at pH 9 and 10 % NaCl (w/v). Acid production was examined from different carbohydrates; fructose, sucrose, arabinose, rhamnose, xylose, galactose, trehalose, dextrose, cellobiose, maltose, mannose, lactose and raffinose. Utilization of organic carbon compounds as carbon and energy sources for chemoorganoheterotrophic growth was examined in a mineral medium containing specific organic compound (0.35 %, w/v or v/v) replacing sodium pyruvate [41] . The tested organic compounds were glycolate, benzoate, lactate, crotonate, glutamate, formate, citrate, ascorbate, succinate, tartarate, diphenylamine, D,L-methionine, a-ketoglutarate, creatine, pyruvate, cyclodextrin, xylose, sorbitol, galactose, ribose, maltose, mannitol, pullulan, raffinose, salicin, sucrose, lactose and trehalose. Growth was measured turbidometrically (OD at 600 nm) after 48 h. Enzyme activities of arginine dihydrolase, b-galactosidase, phosphatase, b-glucuronidase, a-glucosidase and a-mannosidase were determined by VITEK 2 (GN) system (bio-M erieux). The phenotypic and biochemical properties are summarized in the species description and compared with those of the related species of the genus Bacillus in detail in Table 2 .
Compositions of cellular fatty acids, polar lipids and quinones were analysed from cultures that had attained 70 % of maximal optical density in the late exponential growth phase for all the strains examined, to ensure identical growth phase [42] . Fatty acid analysis was performed as described previously [42, 43] and results are depicted in Table 1 . The major fatty acids (>10 %) were anteiso-C 15 : 0 , anteiso-C 17 : 0 , C 16 : 0 , and iso-C 15 : 0 with minor amounts of iso-C 16 : 0 , C 18 : 1 !9c, iso-C 14 : 0 and C 18 : 0 . Though the fatty acid profile of strain KJ1-10-93 was qualitatively identical to that of strain KJ1-10-99 T , minor differences in the relative amounts of anteiso-C 15 : 0 and anteiso-C 17 : 0 were observed. T . Additionally, the fatty acid, iso-C 17 : 1 !10c could not be detected in strains KJ1-10-99 T and KJ1-10-93, though minor amounts could be detected in B. nanhaiisediminis DSM 27953 T (Table 1) .
Polar lipids extracted from 0.1 g freeze-dried cells with methanol/chloroform/saline (2 : 1 : 0.8 by vol.) were separated using silica gel TLC (Kieselgel 60 F254; Merck) by twodimensional chromatography using chloroform-methanolwater (30 : 10 : 1 by vol.) solvent system in the first dimension and chloroform/methanol/acetic acid/water (35 : 7 : 6 : 1.5 by vol.) in the second dimension (modified after Oren et al. [44] ). The polar lipid profiles were detected by spraying with 5 % ethanolic molybdophosphoric acid and further characterized by spraying with ninhydrin reagent for aminocontaining lipids, molybdenum blue for phospholipids and a-naphthol reagent for glycolipids [44, 45] . Polar lipids of strains KJ1-10-99 T and KJ1-10-93 contained diphosphatidylglycerol (DPG) and phosphatidylglycerol (PG) as major lipids (Fig. S2) . KJ1-10-99
T contained six minor unidentified lipids (UL1 to UL6) while only two unidentified lipids UL2 and UL4 were detected in strain KJ1-10-93. The polar lipids of strain KJ1-10-99
T differ from those of Fermentibacillus polygoni IEB3 T and B. nanhaiisediminis DSM 27953 T in the presence of unidentified lipids UL1 to UL6 [46, 47] . In addition, KJ1-10-99 T differ from Fermentibacillus polygoni IEB3 T in the absence of phosphatidylethanolamine, one unknown amino phospholipid, one unknown glycolipid and four unknown lipids [46] , while from B. nanhaiisediminis DSM 27953 T in absence of phosphatidylethanolamine, aminophospholipid and glycolipid (Fig. S2) [47] .
Cell wall samples were prepared from approximately 3 g of wet cells. Whole cell hydrolysates were prepared (6 M HCl, 100 C, 18 h) and examined by TLC on cellulose plates using n-butanol:water:acetic acid (50 : 25 : 25) as the solvent system [48, 49] . meso-diaminopimelic acid was the predominant cell-wall amino acid of both the strains and are similar to other members of the genus Bacillus [20, 50] .
Respiratory quinones were analyzed as described by Xie and Yokota [51] . MK-7 was identified as the predominant menaquinone. The quinone and peptidoglycan diamino acid of the cell wall of strains KJ1-10-99
T and KJ1-10-93 were similar to those found in members of the genus Bacillus [52] [53] [54] . Genomic DNA was extracted and purified from strains KJ1-10-99
T and KJ1-10-93 according to the method of Marmur [55] , and the mol% G+C of the DNA was determined by HPLC [56] . The genomic DNA G+C contents were 48.7 and 48.9 mol% for KJ1-10-99
T and KJ1-10-93 strains, respectively. The genomic DNA G+C contents were significantly different among Fermentibacillus polygoni IEB3 T (39 mol%) [57] KJ1-10-99 T was clearly distinguished from the phylogenetically neighbouring genus Anaerobacillus with respect to phenotypic and chemotaxonomic characteristics, oxygen requirement, spore formation, optimum and range of NaCl concentration for growth, nitrate reduction, ability to produce acid and DNA G+C content [59] . The comparison data of the strain KJ1-10-99
T and type species of genus Anaerobacillus, Anaerobacillus arseniciselenatis E1H T is given in Table 2 .
There is a clear consensus that the genus Bacillus should be restricted to species that share high 16S rRNA gene sequence similarities with the type strain of the type species, Bacillus subtilis [60] [61] [62] , and hence strains KJ1-10-99 T and KJ1-10-93 do not fit into the genus Bacillus (only 93.6 % sequence similarity with B. subtilis subsp. subtilis DSM 10 T ) [63] . Bacillus subtilis, the type species of the genus Bacillus, has diphosphatidylglycerol, phosphatidylglycerol, diphosphatidylethanolamine, an aminoacylphosphatidylglycerol and a glycolipid, which has been identified as a b-gentiobiosyldiacylglycerol as the polar lipid profile [64] . Kampfer et al. [61] recommended that species 
*Data taken from Hirota et al. [46] . †Data taken from Kampfer [65] , for B. subtilis DSM 10 T .
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On: Fri, 11 Jan 2019 08:31:00 Table 2 . Phenotypic and chemotaxonomic characteristics of (1) [58] and Blum et al. [59] . Data for strain 4 of G+C content is taken from Zhang et al. [47] . +,Positive; À, negative; W, weakly positive; ND, Not determined. sharing this polar lipid pattern, together with MK-7 and the fatty acid pattern listed in Table 1 , should constitute the 'core' of the genus Bacillus. Absence of diphosphatidylethanolamine, an aminoacylphosphatidylglycerol and a glycolipid (b-gentiobiosyldiacylglycerol) and presence of unidentified lipids strongly differentiates KJ1-10-99 T and KJ1-10-93 from B. subtilis. Moreover, absence of anteiso-C 17 : 1 and significant difference in relative amount of fatty acids C 16 : 0 and iso-C 15 : 0 further supports distinguishing KJ1-10-99
T and KJ1-10-93 from type species of the genus Bacillus, B. subtilis.
Therefore, on the basis of 16S rRNA gene sequence analysis (Fig. 1) , differences in phenotypes, polar lipids and fatty acid profiles (Tables 1, 2 and Fig. S2 ), strain KJ1-10-99 T (and KJ1-10-93) is considered to represent a novel genus, for which the name Desertibacillus haloalkaliphilus gen. nov., sp. nov. is proposed.
DESCRIPTION OF DESERTIBACILLUS GEN. NOV.
Desertibacillus (De.serti.ba.cil¢lus. L. neut. n. desertum desert; L. masc. n. Bacillus a bacterial genus; N.L. masc. n. Desertibacillus a Bacillus-like organism isolated from desert).
Cells are Gram-stain-positive, endospore-forming, aerobic, non-motile, rod-shaped and thermotolerant. Catalase and oxidase reactions are positive. Optimum growth was observed in complex medium broth at pH 9, 7.5 % NaCl (w/v) and 37 C. Polar lipids are diphosphatidylglycerol and phosphatidyglycerol along with six unknown lipids. The major fatty acids are anteiso-C 15 : 0 , anteiso-C 17:0, C 16 : 0 , and iso-C 15 : 0 . The type species is Desertibacillus haloalkaliphilus.
DESCRIPTION OF DESERTIBACILLUS HALOALKALIPHILUS SP. NOV.
Desertibacillus haloalkaliphilus (ha.1o.al.ka.li¢phi.lus. Gr. n. hals, salt; Arabic n. a1 qaliy soda ash; Gr. adj. philos loving; N.L. masc. adj. haloalkaliphilus, loving briny and alkaline media) Cells are straight with rounded ends, 0.5-1.0 µm wide and 3-6 µm long, and are nonmotile. Ellipsoidal endospores are formed subterminally or centrally. Colonies are creamish, smooth, slightly raised, initially circular to slightly irregular at later phase and 1.0-3.0 mm in diameter after 24-48 h at 37 C on CM agar. Growth occurs in the presence of NaCl at concentrations up to 20 % (w/v) (optimum 7.5 %) and at pH 7.0-10.5 (optimum pH 9.0). The temperature range for growth is C (optimum 37 C). Results are positive for catalase and oxidase activities. Nitrate is reduced. It hydrolyses carboxymethyl cellulose (CMC) but not starch, gelatin and urea. Indole is not produced from tryptophan. Arginine dihydrolase, b-galactosidase, phosphatase, b-glucuronidase and production of H 2 S are negative. Acid production is positive from fructose and mannose while negative for dextrose, 
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